INTRODUCTION
Anterior cervical discectomy and fusion (ACDF), which was first introduced as a surgical procedure to treat cervical degenerative disease 24) , has been used as an effective surgical treatment since 1958. The main purpose of this surgery is to decompress the nervous system while maintaining the physiological disc height and achieving fusion to attain cervical stability 11) . Advancements in instrumentation and interspace grafting have resulted in the improved success and safety of this procedure 23) . However, although the surgical procedure has evolved, there are several complications associated with ACDF such as pseudoarthrosis 6) , implant extrusion 23) , and subsidence 14) . In particular, graft subsidence has been reported to occur before segmental kyphosis and acceleration of adjacent segment disease 1, 7, 22, 26) . Thus, this phenomenon has become a major issue for surgeons to overcome. The known risk factors for subsidence are age, body mass index (BMI), smoking history, low bone mineral density (BMD) 2) , end plate preparation 15) , cage type 1, 7, 22, 26) , and location 21) . Furthermore, in a recent clinical study, cervical alignment 13, 14) and even a small degree of segmental instability 10, 12, 19, 25) have been suggested as risk factors for subsidence.
Although, after introducing the self-locking plate system in ACDF, complications such as screw loosening, screw pullout or plate loosening have been markedly diminished 16) . But, however, according to study by Ning et al. 17) , 4 .9% of patients still undergoes the complications such as subsidence, screw loosening or plate loosening after ACDF. Those phenomenon could contribute severe complications such as severe subsidence or esophageal injury. To overcome those complications, we have been tried to find the way to introduce more holding strength in self-locking plate system.
In our clinic, we have struggled to achieve a good outcome using several types of plates and interspacing devices, and evidence to determine whether the surgeon should place the screw bi-cortically or mono-cortically is scarce. A previous study reported that bi-cortically fixed screws resulted in additional stability in anterior cervical plating 3) . Another study suggested that bi-cortically fixed screws improved the holding strength 20) . According to another study by Conrad et al. 5) , the length of screw insertion is related to stronger pull out force. Researchers was inspirited by those studies that bi-cortical screw fixation provide additional holding strength in ACDF.
In the present study, we hypothesized that bi-cortically fixed anterior cervical screws would increase the holding strength until fusion is achieved compared with mono-cortically fixed screws, resulting in a more favorable environment and less subsidence. To test this hypothesis, we performed a retrospective study to assess whether bi-cortical screw fixation was more favorable in terms of subsidence and cervical alignment in patients undergoing single-level ACDF.
MATERIALS AND METHODS

Patient Populations and Inclusion Criteria
A total of 133 patients with herniated cervical discs were recruited between February 1, 2002 and March 31, 2017. Patients with cervical stenosis or ossification of the posterior longitudinal ligament were excluded. Patients with cervical trauma, fracture, incomplete cord injury, or complete cord injury were also excluded. This retrospective study was conducted at a single neurosurgery center and by 1 surgeon. Patients were not excluded on the basis of age, sex, compensation claims, smoking history, osteoporosis, BMI, or other medical comorbidities. Researchers categorized the patients by factors that influence graft subsidence. The considered surgical factors were whether the screws were fixed mono-cortically or bi-cortically, whether an allograft (human humerus allograft) or autograft (iliac bone graft) was used, and the type of plate fixation system. The demographic data of the anterior cervical discectomy cases are shown in the Table 1.
Surgical Procedure
All patients underwent surgery by a single surgeon using the same surgical technique. The anterior approach was adopted by standard anterior cervical exposure through the right side. The affected discs were removed with pituitary forceps and curettes. The anterior edge of the upper vertebra in the interbody space was removed. The posterior edges of the upper and lower vertebra and uncinated process were removed by high-speed drilling with a 2.3 mm fluted Matchstick burr; bone dust and bony fragments for graft materials was collected. Complete uncotomy and partial superior pediculotomy were performed in cases of radiculopathy to ensure foraminal decompression. Discectomy was performed by confirming the anterior aspect of the dura matter in the case of myelopathy. Both the upper and lower endplates were prepared by completely removing the cartilaginous endplate. The end point of the endplate preparation was petechial oozing from the subchondral bone by high speed drilling with a 3 mm cylindrical carbide drum and sharp curettes. The interbody graft was introduced to fit snugly into the interbody space after removal of the intervertebral distractor. Graft fitting was optimal when the graft could be rotated and removed from the interspace easily without longitudinal motion of the graft. After insertion of the interbody graft, the plate and screw fixation system was applied. The point of screw entry was the midline of the screw hole on the distal half of the plate; controlled penetration of the posterior cortex could be achieved by setting the adjustable drill to stop at the appropriate depth. The direction of the screw was medially convergent with caudal or cephalad away of graft for inducing compression force. Insertion angle of upper vertebral body screw was between 20 to 30 degrees caudally to the lower endplate of upper vertebrae body. Furthermore, lower vertebral body screws were inserted parallel to the lower endplate of the lower vertebral body.
Bi-cortical Screw Insertion Technique and Inclusion Criteria
Bi-cortical screw fixation is defined as penetration of the posterior cortex of the vertebra by the screw tip. And, inclusion criteria for bi-cortical screw fixation group was defined by the preoperation (Pre-OP) disc height. If patients had loss of disc height more than 25% than adjacent disc height, they were decided to insert the screw bi-cortically. The optimal length of the bi-cortical screw should not be determined preoperatively by measuring the vertebral body using a Pre-OP computed tomography (CT) or magnetic resonance imaging. Instead, the length of the bi-cortical screw was determined intraoperatively. When insert the screw to the vertebra body, the length of the screw was defined as 1 mm plus anterior-posterior diameter of vertebra body by using depth gauge ( Fig. 1 ).
Radiologic Evaluation
Consecutive plain lateral radiographs obtained before and after operation and at the follow-up (F/U) were used to measure parameter values. These measured values were manipulated to calculated values. The measured parameters were segmental height (SH), segmental angle (SA), global angle (GA), and C2 vertebra body height as a calibration value. SH was defined as the distance from the upper end plate of the superior vertebra to the lower end plate of the inferior vertebra. SA was defined as the Cobb angle between the affected segments. GA was defined as the Cobb angle between the C2 vertebra body and C7 vertebra body. C2 vertebral body height was defined as the distance from the top of the odontoid process to the lower endplate of the C2 vertebral body. Calculated values were derived from measured values, which included distraction, subsidence, SA change, and GA change. Whether the screws fixed bi-cortically or mono-cortically was measured by Post-OP CT scan. If the tip of the screw was shown to penetrate through the posterior cortex upon CT scanning, patients were placed in the bi-cortical screw fixation group. In addition, the inclusion criteria of bi-cortical screw fixation group was confirmation of bi-cortical screw at both upper vertebra body and lower vertebra body at CT scan. And also, mono-cortical screw group was determined as confirmation of mono-cortical screw at both upper vertebra body and lower vertebra body. In cases of bi-cortical screws presenting only one vertebra body (Upper vertebra body or lower vertebra body) were excluded in this study ( Fig. 2-4 ).
Subsidence Group and Non-Subsidence Group
In this study, subsidence was defined as F/U SH minus Post-OP SH. Although subsidence is a continuous variable, to carry out statistical analysis of non-continuous variable such as Kai square test. The variable should be divided into categorical data. Thus, the cut off value of subsidence group and non-subsidence group considered as major issue to researchers. According to meta-analysis carried out by Karikari et al. 9) , some studies considered 2 mm of subsidence in ACDF as the subsidence group, whereas others considered 3 mm of subsidence in ACDF as the subsidence group. In this meta-analysis, ACDF cases by using anterior cervical plating system defined the subsidence group as 3 mm of subsidence. Furthermore, in our center, ACDF was carried out by using anterior cervical plate. Researchers therefore decided 3 mm of subsidence as to be the cut off value.
Kyphotic Change Group and Lordotic Change Group
Patients were subdivided into 2 groups following to the ΔF/U SA (ΔF/U SA=F/u SA -Post-OP SA). If the ΔF/U SA was more than 0 degree, they were considered as lordotic SA change group. And the other cases, ΔF/U SA less than 0 degree, they were considered as kyphotic SA change group. Furthermore, patients were divided in to subgroup by the following equation ΔF/U GA(ΔF/U GA=F/U GA -Post-OP GA). If the patients indicated more than 0 degree in ΔF/U GA, they were assigned to the lordotic global angel change group; if the patient showed less than 0 degree in ΔF/U GA, they were assigned to 
Statistical Analysis
For demographic data, the χ 2 test was used to confirm whether selection bias existed in each group. To confirm the difference between the bi-cortical screw group and mono-cortical group, an independent t-test was used. In addition, an independent t-test was conducted to assess for a difference between the graft usage groups. To confirm the difference between types of plate, a 1-way analysis of variance (ANOVA) was used. Possible surgical factors then underwent logistic regression analysis and patients were grouped according to the ΔF/U GA and ΔF/U SA. A negative value was considered as a kyphotic change and a positive value was considered as a lordotic change; patients were divided into 2 groups accordingly. Furthermore, patients who suffered from subsidence of >3 mm were placed in the subsidence group, which was compared to a non-significant subsidence group. To confirm a correlation between the groups, we conducted a χ 2 test. The p-values <0.05 were considered to be statistically significant. IBM SPSS 23.0 (IBM Corp., Armonk, NY, USA) was used to analyze all data.
RESULTS
Demographic Data
A total of 133 cases were included in this study; 64 cases comprised the mono-cortically placed screw group (group A) and 69 cases comprised the bi-cortically placed screw group (group B). In group A, 11 cases used an Atlantis cervical plate (Medtronic-Sofamor Danek, Memphis, TN, USA), 25 cases used a Vectra-translation cervical plate (DePuy Synthes Inc., West Chester, PA, USA), and 28 cases used a Vectra-fixed cervical plate (DePuy Synthes Inc.). In group A, 53 cases used an allograft for surgery and 11 cases used an autograft. In group B, 24 cases used an Atlantis cervical plate, 30 cases used a Vectra-t plate, and 15 cases used a Vectra-f cervical plate. In group B, 52 cases used an allograft and 17 cases used an autograft. The χ 2 test revealed no significant difference in types of graft. However, the types of plate system was indicated by the significant difference found in χ 2 test (Table 1 ).
Subsidence and Screw Fixation Type
The mean F/U SH and distraction did not significantly differ between the mono-cortical fixation group and bi-cortical fixation group. However, Pre-OP SH, Post-OP SH indicated a significant difference between the groups. The subsidence was found to be significantly different between the 2 groups (group A, 3.946±2.43 mm; group B, 2.369±1.96 mm; p<0.001).
The patients were then sub-divided into 2 groups according to the degree of subsidence. In the mono-cortical screw fixation and bi-cortical screw fixation group, 38 and 22 cases had significant subsidence, which was significantly different between the 2 groups (p=0.001) ( Tables 2, 3 ).
Subsidence and Oher Factors
We measured the difference in the subsidence according to graft type and plate type. The mean subsidence was significantly different between the autograft and allograft groups 0.003). According to plate type, a 1-way ANOVA revealed that subsidence was also significantly different between the groups (p<0.001). The mean subsidence values were 1.094±1.28 mm, 3.472±1.95 mm, and 4.342±2.22 mm in the Atlantis, Vectra-t,
and Vectra-f group, respectively. Post-hoc analysis showed that the Atlantis group and Vectra group were significantly different (p<0.05) ( Table 4 ). We then analyzed these factors combined with screw positioning using logistic regression. Bi-cortical screw fixation β-coefficient was 1.002 and p=0.012, usage of autograft β-coefficient was 0.819 and p=0.518, and Atlantis plate system beta-coefficient was 1.554 and p=0.165 ( Table 5 ).
Cervical Alignment and Screw Fixation Type
Regarding groups A and B, we observed a significant betweengroup difference in the F/U SA (group A, 2.14±5.05°; group B, 4.84±4.83°; p<0.05), the ΔF/U SA (group A, -4.42±4.04°; group B, -1.15±3.64°; p<0.05), the ΔPost-OP GA (group A, -2.91± 9.56°; group B, 0.52±9.84°; p<0.05), and the F/U GA (group A, 13.11±10.35°; group B, 18.07±9.29; p=0.004) ( Table 6 ). Patients were then subdivided into the lordotic segmental angel change group and kyphotic SA change group by the ΔF/U SA equation. In Group A, 8 patients were assigned to the lordotic SA change group and 56 patients to the kyphotic segmental angel change group. In group B, 29 patients were assigned to the lordotic SA change and 40 patients to the kyphotic segmental angel change group. In the change of segmental cervical angle was statistically significant by the p-value less than 0.05. In the change of global cervical angle, there was no sig-nificant difference (p=0.118) (Tables 7, 8 ).
Fusion Rate, Fusion Time and Screw Fixation Type
In mono-cortical fixation group, 61 patients represent complete graft consolidation. And, 3 patients occurs pseudoarthrosis. In bi-cortical fixation group 64 patients reveals complete graft consolidation. Five patients didn't achieved complete fusion. Fusion rate of mono-cortical fixation group was 95.3%. And, in bi-cortical fixation group reveals 92.7% of fusion rate. In χ 2 test, there was not significant difference between group (p= 0.720). In fusion time, mono-cortical screw fixation group shows 8.29±3.15 months. Bi-cortical screw fixation group achieve 7.75±2.56 months. But, there was no significant difference in fusion time (p=0.295).
DISCUSSION
Graft subsidence is one of the major complications of ACDF, which can result in foraminal stenosis, segmental kyphosis, pseudarthrosis, and adjacent segment disease 12) . The known risk factors of subsidence after ACDF are age, BMI, smoking history, low BMD 2) , end plate preparation 15) , cage type 1, 7, 22) , location 21) , cervical alignment 13, 14) , and a small degree of segmental instability 10, 12, 19, 25) . Furthermore, Lee et al. 14) suggested that the main surgical and patient factors affecting subsidence are cervical alignment, age, and use of plates system. In this study, all operations were performed by a single surgeon, thus, biases derived from surgery such as end plate preparation and plate location are diminished. The variable factors that could result from surgery such as graft type and plate type were also included in this study. In this study, cervical plates were used in all patients and there was no significant difference in measurements of cervical alignment such Post-OP GA and Post-OP SA. In this study, bi-cortically fixed screw reveals less subsidence. Furthermore, in the logistic regression analysis, we confirmed that bi-cortically positioned screws was the main factor contributing to reduced subsidence (p=0.012). These results could indicate evidence that bi-cortical screw fixation results in less subsidence than mono-cortical screw fixation in ACDF. According to an in vitro study, a small degree of segmental instability contributed to the development of subsidence 10) . Furthermore, bi-cortically positioned screw fixation has been reported to support additional stability more than mono-cortically positioned screw fixation 3) . Thus, authors could confirm the hypothesis that bi-cortical screw fixation could provide more holding strength until the graft consolidation is achieved.
In recent study, which has been carried out by Wu et al. 26) ,
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The Nerve 5(2) October 2019 47 there was scarce evidence that subtle difference in subsidence contributes to directly favorable patient outcomes. However, considering the fact that severe complications can result from severe subsidence such as foraminal stenosis 12) or adjacent segment disease 1, 7, 22, 26) . Surgeons should not neglect the subsidence. Furthermore, surgeons should find a way to maintain the distance of the intervertebral space. Although there is the potential danger of neuronal and vascular injury of the central nervous system through penetration of the anterior aspect of the dura matter or cervical spinal cord, bi-cortical screw fixation has the potential benefit of stabilizing the cervical segment and protecting against graft subsidence. Thus, this safe surgical modality should be secured.
Interestingly, although both the Atlantis plate system and Vectra plate system are self-locking plate systems, Atlantis selflocking systems have superior data regarding subsidence. When the subsidence in the Atlantis plate system group and Vectra plate system group was compared, a significant difference in subsidence was found. Therefore, we could derive the hypothesis that the locking system of the Atlantis cervical plate provides more holding strength than that of the Vectra cervical plate system.
In this study, use of autograft and the Atlantis cervical plate system contributed to less subsidence in ACDF patients. According to this study, iliac bone graft might be the best option to minimize subsidence. However, there are several limitations, such as harvesting site pain, hematoma, fracture, and meralgia paresthetica 11) . To reduce these complications, multivariate allografts were introduced, such as polyetheretherketone, titanium, and polymethyl methacrylate 18) . In future studies, proper allografts that are as strong as the iliac bone graft should be introduced in ACDF.
Known factors that influence cervical alignment after ACDF include preoperative alignment 18) , intraoperative segmental distraction 7) , surgical level (single or multiple), and graft characteristics 22) . In this study, when including these surgical factors, no significant differences in demographic data were observed. There was no significant difference in Pre-OP SA or Post-OP SA between 2 groups (p=0.912, p=0.500). And also, in distraction, statistical differences weren't observed between 2 groups (p=0.561). But F/U SA and ΔF/U SA were significant difference between 2 groups (p=0.002, p=0.001). In ΔF/U SA, bi-cortical screw fixation group shows less value than mono-cortical screw fixation group (group A, -4.42±4.04°; group B, -1.15±3.64°; p< 0.05). As a result, Bi-cortical screw fixation group reveals less kyphotic SA change than mono-cortical fixation group. According to Lee et al. 12) , postoperative subsidence unexpected kyphotic changes in cervical alignment. And, bi-cortical screw fixation group reveals less subsidence in this study. We could make the hypothesis that bi-cortical screw fixation contribute make less kyphotic deformation by making less subsidence. Thus, bi-cortical screw fixation has potential advantage in maintaining SA than mono-cortical screw fixation.
According to Gillis et al. 8) , an improvement in focal lordosis was significantly correlated with an improvement in overall lordosis. A recent study reported that cervical lordosis may be more important for the long-term clinical outcome 14) . Thus, we hypothesize that bi-cortical screw fixation in ACDF has the potential advantage to maintain lordotic cervical alignment resulting in a more favorable outcome. Furthermore, according to Chung et al. 4) , kyphotic deformation is associated with development of adjacent segment disease. And, consider the result that bi-cortical screw fixation group reveals less kyphotic deformation than mono-cortical fixation group. Thus, this type of screw insertion technique could contribute to long term favorable outcome in patient who undergoes ACDF. As a result, Bi-cortical screw fixation in ACDF could have the potential advantage in creating a favorable environment by maintaining intervertebral space and local lordosis of affected level.
In this study, total 69 cases were inserted screw as bi-cortically. And, there was no immediate spinal cord injury or dura mata injuries. And also, bone bleeding complications didn't observed. Thus, inserting bi-cortical screws as 1 mm +AP diameter could be suggest as safe surgical technique in single level ACDF.
This study has some limitations. First, patient characteristics considered to contribute to graft subsidence, such as BMI, BMD, and smoking history were not excluded. Thus, non-surgical factors could be the main contributing factors for subsidence or kyphotic cervical angle change. Second, the type of screw used, that is, variable angled or fixed angled screw, was not considered. Variable screws and fixed type screws have different effects in terms of graft stability; therefore, screw type could affect subsidence or the change in the cervical angle. Further study should be conducted that counts the types of screws in ACDF cases. Third, we did not determine the insertion angle of the screws. Considering the physics of the anterior cervical plate system acting as a cantilever beam in ACDF cases, the insertion angle could create a bias in cervical angle change. Thus, those factors could be act as bias in this study. Fourth, we didn't analyze the clinical outcome or complications in this study. Fortunately, we didn't experience major complications such as iatrogenic spinal cord injury or dural injuries. But, long-tern clinical outcomes should be secured. Fifth, we didn't analyzed the change of screw length or change of screw angulation. Considering the fact that ACDF screws have went through dynamic change in cervical spine. Those dynamic changes have the risk of progressing cord compression by screw depth change or screw angle change. Thus, to prove the validity of bi-cortical screw fixation in ACDF, further studies that include the insertion angle of the screw or angle change of screw should be planned. And also, dynamic change of screw inserted depth should be conducted. Finally, this study was designed as a retrospective study; thus, more randomized studies or metaanalysis should be conducted to verify the usefulness of bicortical screw fixation in ACDF.
